Background: Acute lymphoblastic leukemia (ALL) is a hematologic malignancy which results from accumulation of lymphoid progenitor cells in the bone marrow and/or extramedullary sites. Philadelphia chromosome (Ph  1 ) positive ALL, a high-risk cytogenetic subset, accounts for 25% -30% of adult ALL cases but occurs in less than 5% of children. We aimed with this study to detect BCR-ABL genes fusion, amplification and deletion in ALL patients, using extrasignal-fluorescence in situ hybridization (ES-FISH), and to assess their relation with other standard prognostic factors and therapeutic response. Patients and Methods: This study was carried out on 39 newly diagnosed ALL patients. All patients were subjected to: history, clinical examination and laboratory investigations, which included complete blood count (CBC), peripheral blood (PB), bone marrow (BM) examination, immunophenotyping and fluorescence in situ hybridization using extra-signal probe to detect BCR-ABL genes fusion. Results: This study showed statistical analysis of patients' t(9; 22) with other factors revealed, significant association (p < 0.05) of t(9; 22) with patients outcome, age > 35 years, hepatosplenomegaly, absence of lymphadenopathy, TLC ≥ 50 × 10 9 /L, absolute PB blasts ≥ 4.4 × 10 9 /L, immunophenotyping and other aberrations. Conclusion: BCR/ABL fusion gene analysis by ES-FISH may serve as a prognostic marker in adulthood ALL. The age, TLC and t(9; 22) represent the significant standard prognostic factors in relation to patients' outcome.
Introduction
Acute lymphoblastic leukemia (ALL) is a hematological malignancy propagated by impaired differentiation, proliferation, and accumulation of lymphoid progenitor cells in the bone marrow and/or extramedullary sites [1] . Cytogenetic abnormalities are independent prognostic variables for predicting the outcome of ALL. Recent genomic studies have analyzed various cytogenetic abnormalities of ALL and increased the number of potential prognostic markers [2] .
Adult and childhood ALL differ markedly in the prevalence of various cytogenetic abnormalities. Philadelphia chromosome (Ph 1 ) positive ALL, a high-risk cytogenetic subset, accounts for 25% -30% of adult ALL cases but occurs in less than 5% of children [3] .
Ph chromosome (ph 1 ) results from a reciprocal translocation that fuses the Abelson tyrosine kinase (ABL1) from chromosome 9 to the breakpoint cluster region (BCR) on chromosome 22 [4] .
Fluorescence in Situ Hybridization (FISH) technology represents an important advancement in cytogenetics. FISH is a marriage of classical cytogenetics and molecular technologies that has a large number of applications [5] . FISH uses fluorescent DNA probes to target specific chromosomal locations within the nucleus, resulting in colored signals that can be detected using a fluorescent microscope [6] .
The first generation of BCR/ABL single fusion FISH probes detected the fusion gene with high specificity (false positive rate 5%) but with a low sensitivity. A new generation of FISH probes has been developed with the rationale to define the t(9; 22) by two FISH events: a fusion signal and an extra signal (ES) corresponding either to the remaining probe on the 9q+ or to a second fusion on the 9q+, according to the breakpoint localization in the BCR gene. With these new ES probe, the cut off rate for false positives has dropped significantly to 3%. [7] .
Extra-signal FISH is a fast and cost effective technique not only to evaluate BCR/ABL fusion in ALL and CML but moreover able to discriminate various rearrangement of BCR/ABL into major & minor fusions, ABL & BCR deletion, duplication and amplification [8] .
Aim of the Work
This work aims to detect BCR-ABL genes fusion in acute lymphoblastic leukemia patients, using extra-signal fluorescence in situ hybridization (ES-FISH), and to assess their relation with other standard prognostic factors and therapeutic response.
Patients and Methods

Patients
This study was carried out on 39 newly diagnosed ALL patients who were attending the hematology oncology clinics of Ain Shams University Hospitals. 
Methods
For each case, 500 µL of PB/BM sample added to 5 mL of sterile culture tube for the step of harvesting and then slide preparation; 2 or 3 drops of cell suspension were added by a Pasteur pipette to the slides, using a light microscope and the area of maximum metaphase concentration was marked on each slide. The probe mixture (2 µ distilled water, 1 µ probe and 7 µ hybridization buffer) was applied on each slide at the marked area and immediately covered with a glass cover slip. The slides were denatured at 80˚C in hybrite for 5 minutes, then, incubated overnight at 37˚C in a dark pre-warmed humidified chamber, to allow probe hybridization. Post hybridization wash is the last step and so the slides are ready to be examined under the fluorescent microscope. 
Interpretation and Signals' Patterns
Statistical Analysis Methods
IBM SPSS statistics (V. 22.0, IBM Corp., USA, 2013) was used for data analysis. Data were expressed as both number and percentage for categorized data. Chi-square test used to study the association between 2 variables or comparison between 2 independent groups as regards the categorized data. The probability of error at 0.05 was considered significant, while at 0.01 and 0.001 are highly significant.
Results
Clinical findings: Out of ALL patients; 24 (61.5%) were males and 15 (38.5%) were females with male to female ratio of (1.6:1). Age range was from 19 year to 71 years old.19 (48.7%) patients presented with hepatomegaly, 20 (51.3%) patients presented with splenomegaly, 24 (61.5%) patients presented with lymphadenopathy and 2 (5.1%) patients presented with CNS infiltration.
Laboratory findings: In the current study the hemoglobin level (Hb) ranged from 4.6 to 10.1 g/dl with a mean value of (7.35 ± 1.6) g/dl. Total leucocytic count (TLC) ranged from 2.6 to 101 × 10 Metaphase and/or interphase FISH analysis were successfully performed on 39 BM and/or PB samples and revealed the following:
Structural aberrations, Positive results for t(9; 22) was encountered in 11 (28.2%) patients, 11 (q23) was detected in 2 (5.1%) patients, t(1; 19) was detected in 1 (2.5%) patient and ph 1 with other aberrations were present in 8 cases of 11 patients in the form of the following: ABL amplifications were observed in 3 cases with a frequency of 7.6%, derivative chromosome 9q34 deletion were observed in 3 cases with a frequency of 7.6%, duplication was observed in 1 case with a frequency of 2.56% and 1% case showed combination of amplification and deletion with a frequency of 2.65% in ALL patients ( Table 2 ).
Discussion
In the present work BCR/ABL fusion was detected in 11 patients (28.2%). This is in concordance with Ghazavi F et al. [3] who reported that BCR/ABL fusion gene is presented with an incidence about 30% in adult but slightly higher than Noreen et al. [9] who reported that BCR/ABL fusion gene is detected with an incidence 20.3%.
Moreover MLL (11q23) gene rearrangements were presented in 2 patients (5.1%) which lesser than Schafer et al. [10] who reported MLL gene rearrangement with 10% in adult ALL and 8% of pediatric ALL with about 80% of them in infants. The t(1; 19) was encountered in one patient (2.56%) which is in concordance with Al Ustwania et al. [11] who reported t(1; 19) 3% in adult ALL.
Using ES-FISH probe, interphase analysis showed 28.2% positivity for the BCR-ABL fusion gene in the form of; minor pattern in 4 cases (36.4%), major pattern in 1 case (9.1%) and mixed pattern in 6 cases (54.5%) which differs from Ilana de Franc et al. [12] who observed a 32.2% positivity for the BCR-ABL fusion gene in 31 B-cell adult ALL patients including the minor (40%), major (30%) and both forms (30%) and differ from Steven et al. [13] who observed half of ALL patients with BCR-ABL fusion gene had major pattern and another half had minor pattern. Other aberrations associated with ph 1 positive patients were presented in 8 cases (72.7%). This is in concordance with Chang Ahn et al. [14] who reported the presence of other aberrations associated with ph 1 with an incidence (73%).
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On the other hand, out of the total 39 patients in our study other aberrations associated with ph 1 represented (20.5%). Derivative chromosome 9q34 deletion was observed in 3 patients (7.7%) and the fourth showed deletion associated with amplification (2.56%). Duplication was observed in 1 patient (2.56%) while ABL amplifications were observed in 3 patients (7.7%) and the fourth was presented above as deletion with amplification. These results are higher than Harrison, 2009 [15] who reported amplification with a frequency of 5.8%. A high significant negative association between outcome and positive philidelphia chromosome, among the 11 ph 1 positive patients; nine patients had IR and only two patients had CR. these results are in agreement with Aldoss et al. [16] . However when the patients were divided according to t(9; 22) in relation to different prognostic factors. It showed that most of ph 1 positive ALL patients were presented with age > 35 years and a high significant relation (p = 0.005) was detected between the patients age and ph 1 /L with p = 0.001. These findings are concordant with the previously published reports by Cetin et al. [17] .
No significant statistical association was detected between t(9; 22) and Hb level < 10g/dl (p = 0.123) and platelets < 100 × 10 9 /L (p = 0.095). These finding are concordant with the previously published reports by Cetin et al. [17] .
All the ph 1 positive ALL patients in this work showed CD10 +ve (11 patients) with aberrant expression of CD13 or 33 in 5 patients, with no significant (P = 0.314) statistical association between CD10 and t(9; 22). Similary Sanam et al. [18] reported that CD10 expression had no statistical relationship with t(9; 22).
On the other hand, there was high negative significant association (p = 0.000) between t(9; 22) and CD13 or 33 positive aberrant expression. 
